Abstract-A fiber Bragg grating (FBG) accelerometer based on fiber vibrating wire is presented. Finite element analysis has been done and experiments are carried out to demonstrate the performance of this FBG accelerometer. The seismic simulation experimental results indicate that the system has a good response to the 50-400 Hz vibration signal. What more, the accelerometer has a high sensitivity which can reach 108.6 pm/G at 100Hz. The linear responsivity and repeatability are also tested. The responsivity error is less than 2.5% and repeatability error is less than 0.03%. There is an extremely linear relationship between amplitude of detected signal and acceleration.
I. INTRODUCTION
Since the first demonstration of permanent gratings in an optical fiber by [1, 2] , the advantages of fiber Bragg grating (FBG) sensing are well known and have been widely extolled in the research literature [3] . In many applications, the FBG based sensors have shown significant advantages over the conventional electronic sensors, including immunity from electromagnetic interferences, high temperature survivability, corrosion resistance and ability to multiplex. Owing to which the accelerometers based on FBG have made a tremendous progress [4] . Normally, the conversion of the acceleration applied to the sensor into the strain is carried out by a cantilever, to which the sensing FBG is fixed. The acceleration will cause the strain of the cantilever [5, 6, 7] , and the FBG will deform with the cantilever because of the inertia mass's vibration. The center wavelength of reflected light will shift with the change of strain acting on the FBG. One year ago, a novel one-degreeof-freedom micro-seismic sensor based on fiber vibrating wire was put forward. The oscillator is penetrated by the optical fiber and mounted near the grating to make a microseismic detecting structure [8] . The detection process is without the help of the cantilever beam structure. Because of that, the sensitivity and frequency response range have been enhanced. In this paper, we would farther improve the vibrating wire accelerometer based on FBG. A horizontal fiber has been added to the accelerometer to decrease the cross-sensitivity. What's more, a new detection system was built and farther experiments were done.
II. THE STRUCTURE AND SENSING PRINCIPLE
The sensing function of an FBG derives from the sensitivity of both the refractive index and grating period to the externally applied mechanical or thermal perturbations [9] . The strain field affects the response of an FBG directly, through the expansion and compression of grating pitch size and through the strain-optic effect, that is, the strain-induced modification of the refractive index. The FBG accelerometer proposed in this paper can be simplified to a spring-mass system. With the fiber's spring coefficient given by K=EA/L, the system's natural frequency is:
As the Hooke law, if we exert a force F on the fiber along the axial, the shift of centre wavelength B   can be formulated:
Where e P is the effective elasto-optical coefficient;
  is the modulus of elasticity of fiber; S is the cross-sectional area. As the fluctuation of temperature is ignored, the (2) can be transformed to:
 is a constant which value is / B ES  ; When the shift of centre wavelength is small enough compared with its original value, we treat e P as a constant too. Combining (3) and F ma  , the acceleration of oscillator is expressed as:
m is the mass of oscillator. By analyzing (4), we can see that, once fiber is elected, the length of the horizontal and perpendicular optical fiber and the mass of the oscillator will decide the maximal acceleration of accelerometer. If the structure is ready-made, the length of the optical fiber is fixed. Then, we can change the mass to adjust the system's maximal acceleration. Without considering the effect of temperature, the B   change with the stress exert on the FBG. What more, the acceleration is proportional to
we can record the shift of centre wavelength to detect the acceleration. Except that, to ensure the vibration's stability, the oscillator we choose must have a regular shape, such as cuboids, ellipsoid [10] .
Finite element analysis (FEA) was used to predict the strain distribution on the FBG. The simulation was performed utilizing commercial software ANSYS, as shown in Fig.1 . In order to reduce the complexity, ignore the frame construction and apply displacements on the areas which connect fiber and frame. Using the modal analysis in ANSYS 12.0, we find that vibration direction of the sixth mode is vertical. We separate the sixth mode into ten substeps. Fig. 2(a) shows the first substep of it. As shown in the picture, the fiber bear averaged force. We can detect the force by fiber to measure the acceleration of oscillator. According to the ANSYS model, a materialized object has been made as shown in Fig. 2(b) and the parameters of this sensor are shown in Talbe.1. A horizontal fiber had been added to the accelerometer to effectively decrease crosssensitivity. In the assembly process, tighten the zero adjust screws at the beginning and loosen it when the fiber had been fixed on the frame. This structure can make the FBG pretensioned quickly and easily. The FBG was positioned on the above of the oscillator. As a result, the FBG can be better tightened because of the oscillator's gravity. 
III. THE EXPERIMENTS AND RESULTS
The experimental set up used to test the accelerometer's performance is illustrated in Fig. 3 . Signal generated by the generator and sequentially amplified by the power amplifier was used to provide the sinusoidal excitation signal for vibration exciter. Vibration exciter will make the accelerator in sinusoidal vibration which has the same frequency with original signal. A broad-band erbium fiber amplifier source (1.5um, 20-nm spectral width (FWHM), ~21.93-mW) was used to illuminate the FBG through a 2×2 single-mode coupler. The reflected signal was guided back through the 2×2 coupler to the input of a high-speed FBG interrogation unit. BaySpec's FBGA interrogation analyzer which sampling frequency can reach 5 kHz is an integrated spectral engine simultaneously covering multiple wavelengths for precise and rapid fiber Bragg grating (FBG) sensor system measurements. The output signal of the FBG accelerometer was recorded and analyzed in a laptop by an application implemented in the LabVIEW software. A standardized charge acceleration sensor was fixed on the vibration exciter with the FBG accelerometer together to carry out the control experiment. Influence of temperature is ignored because the lab's temperature varies slowly. 
A Comparison between the standardized charge acceleration sensor and the FBG sensor
Because the detection signals were obtained through different way, they are out-sync in time domain. However, if the detection time is long enough, they should have a similar performance in frequency domain. In order to make sure the validity of test data, we record of the standardized charge acceleration sensor and the FBG sensor for ten seconds. Select the middle 0.25 seconds as the analytical data. The vibration signals of 50Hz with 0.5G acceleration had been shown in Fig. 4 . Because the sampling frequency of standardized charge acceleration sensor is ten times of the FBG sensor, standardized charge acceleration sensor has larger amplitude the FBG sensor. From the frequency spectrum of vibration signal, the both signals have same peak in the frequency and power spectrum. 
B Linear responsivity and repeatability
We use the shift of wavelength peak to show the vibration. The experiments show that the offset of peak extremely linear with the signal which we set. The vibration signal of 50Hz with different acceleration in the time domain is shown in Fig. 5 .
There is a linear relationship between the amplitude of wave and the acceleration as shown in Fig. 6 , which shows the 50Hz and 100Hz harmonic oscillation output of the FBG accelerometer, with the sensitivity of 78.9 pm/G and 108.6 pm/G respectively. Obviously, the sensitivity increases as the frequency increases. And the calculating data indicate that, the responsivity error is less than 2.5% and repeatability error is less than 0.03%.
In order to demonstrate the accelerometer's repeatability, we recorded the data ten times. In Fig.7 , the frequency is 100Hz and 400Hz, when the standardized charge acceleration sensor is remained at 0.2G. Each of contiguous detect times are separated in time by ten seconds. By current experiment, the accelerometer has a good repeatability in range from 50 to 400Hz. repeatability of different frequency with 0.2G
IV. CONCLUSION
An accelerometer based on fiber vibrating wire is presented. By abandoning the cantilever beam, the accelerometer can be miniaturized easily and get a very high sensitivity at the same time. By adjusting the quality of oscillator, the system's natural frequency can be set at a reasonable range. The horizontal fiber which is added to the accelerometer can effectively decrease the cross-sensitivity. Besides that, we can also add a matched FBG to eliminate the effect of temperature. In the frequency range from 50 to 400Hz, the experimental resonance frequency is almost same with the theoretical resonant frequency. The sensitivity is 108.6 pm/G at 100Hz, and it would be higher if the frequency is farther increased.
